OBJECTIVE; Hypothyroidism often remains undetected because of the difficulty associating symptoms with disease. To determine the relation between symptoms and biochemical disease, we assessed symptoms and serum thyroid function tests, concurrently, for patients with and without hypothyroidism. DESIGN: Cross-sectionai study. 
T raditional symptoms of hypothyroidism have been well known to medical practitioners since the clinical syndrome was first described by Gull in 1874.1 4 Yet hypothyroidism often remains undetected because of the difficulty with ascribing symptoms to disease. The pathophysiologic chmlges generally require months or years to manifest as clinical signs and symptomsfi Furthermore, the onset of hypothyroidism is so insidious that even classic symptomatology may go unnoticed or undiagnosed. E' Although most hypothyroid patients do have some signs and symptoms indicative of disease/' it may be difficult to identify a "classic" clinical picture because symptoms may be nonspecific and thus confused with other health problems. ~,aJ
The relation between symptoms and physiologic disease is so complex that clinicians turn to biochemical measures of thyroid dysfunction for diagnosis. However, it is unclear who should be tested. Many investigators ~-1~ and several organizations, such as the American Thyroid Association, the American College of Physicians, the Amer icml Academy of Family Physicians, and the American Association of Clinical Endocrinologists recommend testing persons who have a greater likelihood of being hypothy roid.13 1~, The recommendations of the American College of Physicians. for example, include testing women over age 50 "who have general symptoms that could be caused by thyroid disease. 'u4 The U.S. Preventive Services Task Force does not recommend for or against screening in high-risk patients, such as older women. However, it does state that. "Clinicians should remain alert for subtle or nonspecific symptoms of thyroid dysfunction when examining such patients, and maintain a low threshold for diagnos tic evaluation of thyroid function. "17 Evidence is lacking as to which symptom or symptoms increase the likelihood of biochemical hypothyroidism. This study's hypothesis is that symptoms correlate with biochemical hypothyroidism. In addition, symptoms that are reported to have developed recently may better distinguish between euthyroid and hypothyroid individuals thin1 symptoms that are reported as simply present or absent. Therefore, symptoms may identify persons who are more likely to have the disease. Helfand mid Crapo reported that. "in retrospect, patients detected by laboratory screening have clinical findings that suggest a thyroid disorder, but these findings did not lead clinicians to suspect the problem. "~ Currently, symptoms are not used systematically to decide whom to test for hypothyroidism. Previous research has shown that combinations of hypothyroid signs and symptoms can be used to select patients with a higher likelihood of disease, l~-~~ Identifying symptoms that increase disease likelihood could indicate who should have serum thyroid function tests. To determine whether traditional hypothyroid symptoms charac 
METHODS

Patient Selection
Case patients with hypothyroidism and matched euthyroid control patients were identified through the labo ratories of a university hospital, private teaching hospital, Veterans Administration hospital, or HMO laboratory in Denver, Colorado, between July 1991 and March 1993, and the laboratory of a 525-bed university-affiliated community teaching hospital in Grand Rapids. Michigan. between October 1992 and December 1995. Each facility's institutional review board approved the study protocol.
Consecutive elevated levels of thyroid-stimulating hormone (TSH) were logged by laboratory personnel at each site, New adult hypothyroid case patients identified through these laboratories were eligible to participate in the study if their serum TSH level was above 20 ~U/mL and a free or total thyroxine (T4) level was decreased, These criteria were chosen to recruit patients with overt hypothyroidism and not patients with mild or subclinical hypothyroidism. If patients had only the TSH test ordered by their physician, a free or total T4 test was performed on their previously drawn blood sample. Patients were excluded who were previously diagnosed with hypothyroidism or depression, were pregnant, had been hospitalized within the previous month, or were on 6 adrenergic blocker medica tion at the time of contact. Patients who were unable to complete the questionnaire because of language barriers, retardation, or dementia were also excluded. It was possi ble for laboratory personnel to exclude many subjects. such as for known normal T~ level, Case patients who did not have any exclusion criteria known to laboratory personnel were contacted by one of the authors (GJC) or a research assistant, If the subject could not be reached by telephone, a letter was mailed.
Each patient was approached for enrollment using words similar to the following: "You are being invited to participate in a study that looks at various symptoms which you may or may not have. in order to relate the symptoms which patients report to the blood tests that doctors order." Though efforts were made to identify potential sub Jects before they were diagnosed by their physician, some patients were inevitably suspicious of a diagnosis of thyroid disease. Those who agreed to participate were mailed, in most cases, a self-administered symptoms questionnaire and a consent form. A few individuals completed the questionnaire and consent form at the participating insti tution, and in one case. the patient completed a faxed copy of the questionnaire and consent form while in the waiting room of his primary care physician's office before his scheduled follow-up appointment, Anyone completing less than 75% of the symptom questions was excluded from further analysis, Controls were selected from all outpatients who had blood drawn for reasons other than thyroid function testing at the participating laboratories in Colorado and Michigan. The intended ratio of controls to eases was 2:1 to in crease statistical power. For most case patients there were two control patients: however, a second control was not available for each case. Only serum samples that did not have any orders for thyroid function tests were included. Thyroid-stimulating hormone mid T4 levels were obtained from the remaining serum according to study protocol. Control patients were matched by gender and age to the hypothyroid case patients, Specifically. each case patient was matched to a control patient who was the case patient's age plus or minus 5 years. The control patients who carried a diagnosis of thyroid disease or depression, were pregnant, had been hospitalized within the previous month, or were taking 6 adrenergic blockers were excluded to maintain comparability to cases,
The control group was chosen in the above manner to create distinct study groups, with and without disease. This was done to determine if symptoms could distinguish obvious cases of disease from euthyroid individu als. Symptoms that could not differentiate between these two groups would be unlikely to distinguish patients seen in clinical practice with other conditions that have over lapping symptoms, s* Control patients were approached for enrollment in the same manner as case patients. As with the case patients, those not completing at least 75% of the questionnaire and those who were unable to finish the questionnaire for logistic reasons were excluded, The remaining patients served as euthyroid controls. There were no exclusions with regard to race or gender among either case or control patients.
Symptom Assessment
Classic symptoms of hypothyroidism were assessed by questionnaire. Symptoms were selected for study by first compiling a list of 29 symptoms of hypothyroidism from the literature and the work of previous investigators. r General internists and endocrinologists were surveyed to determine which symptoms were most suggestive of hypothyroidism in their clinical experience, The final questionnaire included the symptoms reported most often in the survey. Questions asked both about the presence or absence of the symptom, and whether or not the symptom had changed within the previous year. This permitted comparison of the presence of symptoms versus the recent onset of symptoms in the characterization of disease. (The questionnaire is available from the au thors on request.) The final questionnaire included 17 thyroid symptoms. Three other "thyroid neutral" questions, unrelated to hypothyroidism, were included to avoid patient bias in re-
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JG~M porting symptoms specific to one disease, No questions were taken from published questionnaires. The symptoms questionnaire responses were directional as written, so that the range of each symptom response was 1 through 5. with 3 being a neutral response and each extreme repre senting either complete absence of the hypothyroid symptom or marked severity. [The direction varied from question to question to avoid bias in reporting symptoms, but re sponses were recoded so that those numbered 4 or 5 consistently represented symptoms of clinical disease and those numbered 1, 2, or 3 were negative for disease.) The symptoms questionnaire underwent extensive pilot testing in a primary care practice. Readability was determined by Walch's Readability Rater for Printed Materials, and tested to a third grade level in its final form,
Statistical Analysis
The number and percentage of positive symptom responses were determined for each case and control patient. The mean percentage, rather thin1 the number of reported symptoms, was compared between case mid control patients because the number of questions a participant could mlswer varied by gender and menstrual status. The symptom severity (whether the symptom was reported at a severity level of 4 or at a severity level of 5) was used only when comparing the percentage of symptoms between the two groups. For all other analyses, symptoms were di chotomized: symptoms reported as level 4 or 5 were con sidered positive symptoms, and responses 1, 2. and 3 were considered negative. Among cases, Spearman's correlation coefficient was calculated between TSH level and the per centage of reported hypothyroid symptoms, to relate symptoms to progressively worsening thyroid function.
The X: test or Student's t test was used for univariate comparison of symptoms and disease. The proportion of hypothyroid individuals and euthyroid individuals reporting each symptom was calculated. Likelihood ratios (LRs) were calculated as the ratio of the likelihood of a positive symptom in a patient with disease versus the likelihood of a positive symptom in a patient without disease. Though the LRs derived from this study population may not be applicable to the general population, they may suggest the relative strength of individual symptoms to enhance posttest odds, For exanlple, if a patient reports a symptom with LR 5, the likelihood of being hypothyroid would rise from a pretest probability of approximately 5% to approximately 20%, 2s,24 Certainly. a patient reporting symptoms or groups of symptoms with greater LRs would have a higher likelihood of disease, perhaps crossing the physicimfs threshold for laboratory testing. Confidence intervals were calculated using Epi Info version 6.02,
The subset of univariately significant symptoms was used to figure the number and percentage of hypothyroid and euthyroid subjects who reported increasing numbers of symptoms. Likelihood ratios were calculated for strata of increasing numbers of reported symptoms, Conditional stepwise logistic regression was applied to determine which symptoms were independent predic tors of disease state while controlling for other symptoms, (The SAS System, PHREG Procedure). K, cploratory analysis among menstruating women found that the two questions regarding menstrual symptoms were not statistically significant (p < .05), Therefore, the regression mlalysis evaluated the remaining symptoms in the entire study popula tion. Conditional regression analysis was used to account for matching, mid was based on 69 case and 132 control patients because of missing data. Receiver operating char acteristic (ROC) areas were calculated using ROC Curve Analyzer, version 6 (Robert M. Centor and Jerry Keightley).
RESULTS
Between July 1991 mid December 1995, 76 case patients with newly diagnosed hypothyroidism and 147 con trol patients were enrolled, One case patient was enrolled into the study for approximately every 10 potential case patients recruited in Colorado, though this varied by in stitution, In Michigan, one case patient was enrolled for about every 14 potential case patients, also identified on the basis of having had thyroid function tests ordered. The exact number excluded for each criterion is unknown because exclusions occurred both through the laboratory and through the investigators. The above estimates of en rollment were made according to the metal number of all elevated TSH levels reported by each laboratory. Many thyroid function tests were ordered on patients for red sons other thin1 suspected new hypothyroidism, accounting for our low "enrollment rate." When subsequent inter view or chart review excluded potential enrollees, this was most often because thyroid function tests had been ordered to monitor thyroid hormone replacement in known hypothyroid patients.
Among the 76 case patients, 36 were enrolled from Colorado and 40 from Michigan. Fifty four (71.0%) were women. Age ranged from 20 to 85 years, and the mean age was 44.4 years. Of the 71 respondents to the question of family history, 30 (42.2%) reported at least one family member with thyroid illness (Table 1 ). Among the 147 control patients enrolled proportionately from the Colorado and Michigan hospitals, 104 (70.7%) were women. The mean age of the control group was 45.8 years (range 19~86 years), and 24 (16.8%) of 143 respondents reported a family history of thyroid disease. Case and control pa tients differed demographically in the reported family his tory and. as would be expected, in the metal TSH level ( Table 1 ). The T 4 levels were not compared statistically, as approximately half of the samples were tested by total T 4 assay, while the other half were tested by free T 4 according to the policies of the individual laboratories.
Case according to severity, the difference between case and con trol patients in the percentage of reported symptoms remained significmlt regardless of level 4 or level 5 severity ( Table 1 ). The number of symptoms correlated weakly with TSH (r .35. p < .0001), showing increasing numbers of reported symptoms with decreasing thyroid function, Univariate analysis showed that three "current" symp toms differed significantly between case mid control subJects: hoarse voice, dry skin, and muscle cramps ( Table  2 ). Among the "changed" symptoms, a hoarser voice, deeper voice, drier skin, feeling colder, feeling more tired.
having puffier eyes, more muscle cramps, weaker mus cles, more constipation, feeling more depressed, slower thinking, poorer memory, and having more difficulty with math were significant (p < .05) ( Table 3 ). In general, the proportion of hypothyroid patients reporting individual symptoms was low. However. some symptoms were reported in very low percentages among the euthyroid group, such as having a hoarse voice.
Symptoms were entered into conditional stepwise logistic regression analysis. Two current symptoms, hoarse voice and muscle cramps, were significant in both univari- ate a n d m u l t i v a r i a t e mlalysis. Of t h e 13 c h a n g e d s y m ptoms, only 2 r e m a i n e d significant in m u l t i v a r i a t e analysis: puffier eyes a n d b e i n g c o n s t i p a t e d m o r e often.
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In ROC a n a l y s i s the a r e a u n d e r t h e c u r v e w a s e q u a l to 0.72 w h e n u s i n g t h e 13 c h a n g e d s y m p t o m s , a n d 0 . 6 6 w h e n u s i n g only the t h r e e c u r r e n t s y m p t o m s . W h e n t h e n m n b e r s of c h a n g e d s y m p t o m s were grouped, control pat i e n t s r e p o r t e d zero, one, or two s y m p t o m s significantly m o r e often, while case p a t i e n t s r e p o r t e d s e v e n or m o r e s y m p t o m s m o r e often (Fig, 1) .
Likelihood ratios were reported for all individual s y m p t o m s (Tables 2 a n d 3), a n d i n c r e a s i n g n u m b e r s of univari ately significmlt s y m p t o m s (Table 4) 
DISCUSSION
T h i s s t u d y c o m p a r e d p a t i e n t s w i t h elevated TSH a n d e u t h y r o i d c o n t r o l p a t i e n t s , m i d f o u n d t h a t s y m p t o m s
Symptoms (number reported)
FIGURE l. Proporlion of case and control patients reporting "changed" symptoms. sociated with hypothyroidism were predictive of abnormal serum TSH in this population. The strength of association was proportional to the number of symptoms reported, particularly symptoms that had chmlged in the previous year, Although symptoms do not replace serum thyroid function tests in the diagnosis of disease, symptoms may help identify patients who should be tested for hypothyroidism. The total percentage of self reported symptoms was significantly higher in hypothyroid than in euthyroid subJects. and this was true regardless of symptom severity, A positive correlation, albeit modest, was found between the serum TSH concentration and the percentage of positive hypothyroid symptoms reported, This reflected a small increase in total symptoms with progressive deterioration of thyroid function, Supporting the association of symptoms and disease was the observation that the likelihood of hypothyroidism increased in a graded manner as the number of reported symptoms increased. Other researchers have found that combinations of signs and symptoms increase the likeli hood of hypothyroidism. 1~ ~n Billewicz' group is perhaps best known for investigating the value of symptoms in characterizing hypothyroidism. Both Billewicz" and Se shadrfs groups combined symptoms to develop a symptoms scorel~,>: higher scores were more suggestive of hypothyroidism. White and Walmsley found that the pro portion of patients requiring treatment for hypothyroidism was highest among those reporting five or more signs or symptoms, s~ A similar observation is reported here: the likelihood of disease rose with increasing numbers of reported symptoms, and the LRs were greater when more symptoms were reported.
Previous studies have not distinguished between chronic and acute symptoms of hypothyroidism. In this study, only three current symptoms were significant by ?(~ test, whereas 13 changed symptoms were significant. These findings suggest that a recent change in symptom atology is better able to distinguish the hypothyroid from the euthyroid state, Likelihood ratios were also generally higher when symptoms were reported as changed than when symptoms were reported as currently present or absent.
Few symptoms remained as independent predictors of disease in multivariate analysis. This suggests a high degree of intercorrelation among hypothyroid symptoms. Although multiple regression was somewhat limited by the number of cases relative to the number of symptoms under study, the results support the idea that the number of symptoms reported may be a stronger indicator of disease than a prediction rule based on multivariate mod eling, The area under the ROC curve for changed symptoms was 0.72, indicating that in this population the reported changed symptoms will correctly distinguish sub Jects with and without an elevated TSH 72% of the time.
Despite this association, it is evident that symptoms cannot identify hypothyroidism as well as biochemical thyroid function tests. Symptoms of hypothyroidism have historically been regarded as nonspecific (that is, they are reported by a high proportion of individuals without hy pothyroidism), In this study, it is evident that the proportion of hypothyroid subjects reporting any individual symptom is low. The presence of symptoms is suggestive of disease, but their absence fails to exclude disease. Although patients who report no symptoms are about twice as likely to be euthyroid as hypothyroid (Table 4) , a pa tient who reports no changed symptoms still has a 19% chance of being hypothyroid. Greater precision is obvi ously attained by sensitive serum TSH measurements.
The results obtained in this study may not be directly applicable to other populations. The number of cases en rolled is relatively small. Also, the control group was se lected to create distinct groups with and without disease for the reasons stated above. The LRs observed in this study may overestimate the value of symptoms in pa tients who have conditions with substantial symptom overlap with hypothyroidism.
In conclusion, traditional hypothyroid symptoms will not replace the supersensitive serum TSH assay in the diagnosis of disease. However, patients who report more symptoms, and more recently developed symptoms, are more likely to have hypothyroidism. This being the case. patients who report more symptoms, particularly symp toms of new onset, should be tested with serum thyroid function tests, 
